Introduction
Depression is a leading cause of disability in the USA and worldwide [1] . One means by which depression may affect disability is through cognitive dysfunction, which is a symptom of depression [2] . In cross-sectional studies, depression is associated with lower cognitive functioning, particularly episodic memory (also known as declarative memory) [3] [4] [5] [6] . In addition, medial temporal lobe brain regions that are associated with episodic memory have been reported to be reduced in people with depression, although not consistently [7] . Further, some reports have indicated improvements in hippocampal activity and cognitive functioning following antidepressant treatment [8] , but not in a randomized trial [9] . Depression-related cortisol dysregulation has been suggested as a possible mechanism for the negative changes in brain activity and structure, and episodic learning and memory [10, 11] .
Several reports from longitudinal studies of the effects of depression have focused on global cognitive function- ing (e.g., mental status exams), neuropsychological test composite scores or the prediction of dementia and have yielded inconsistent findings [12] [13] [14] . In light of work suggesting that depression may selectively affect brain regions associated with verbal episodic learning and memory [15, 16] , the purpose of this study was to examine the longitudinal association between depressive symptoms and episodic learning and memory in a nationally representative sample of older adults. It was expected that more depressive symptoms over the 6-year study would be associated with lower learning and memory performance.
Methods

Data
The Health and Retirement Survey (HRS) is a prospective cohort study that is conducted by the University of Michigan with support from the National Institute of Aging. The first wave of the HRS occurred in 1992 with a 51-to 61-year-old cohort and was merged with the older ( 6 70 years) Asset and Health Dynamics of the Oldest Old Study cohort in 1998. Two additional cohorts were added in 1998 to fill in the gaps between these 2 groups, resulting in a sample design nationally representative of the US population over the age of 50 in 1998. Briefly, the HRS is a multistage probability cohort sample of US households. Further details on the HRS design and methods have been previously published (see Heeringa and Connor [17] ).
We analyzed 4 waves of data (1998) (1999) (2000) (2001) (2002) (2003) (2004) ) from the HRS that were prepared by the RAND Center for the Study of Aging (RAND HRS) for this study. The benefits of using the RAND HRS data include consistent depression and disease reports over the survey period, model-based imputations of missing data and comparability of variables across survey waves (see RAND HRS [18] for details). We analyzed data from 18,465 community-dwelling respondents who were 6 51 years in 1998. The HRS sample demographic characteristics are presented in table 1 . Respondents with sampling weights of 0 indicating they were institutionalized or deceased were excluded from this study. Data were weighted using HRS respondent level sampling weights to account for the sample design in the HRS (Heeringa and Connor [17] ). After 4 waves (1998 After 4 waves ( -2004 , the combined year response rate was 72.3%. The wave-to-wave reinterview response rates ranged from 92.1% (2000) to 87.5% (2004) .
Measures
The main variables of interest in this study were administered at every wave (i.e., every 2 years) of the HRS (1998-2004) and were time-varying. The outcome variables of interest in this study were the immediate and delayed memory scores of a 10-word list learning task administered to all capable HRS respondents. In telephone and face-to-face interviews, 3 alternative lists of 10 common nouns were read to respondents at a rate of 1 per second. Immediately after the word list had been read, the respondents were asked to repeat as many words as they could recall in any order (immediate). After about 3 min of interference tasks, the respondents were asked to recall the 10-word list again (delayed). The scores ranged from 0 to 10 words recalled for the immediate and delayed trials. The interview modes (i.e., telephone and faceto-face) and the use of 4 alternative list forms have been found to have minimal effects on performance; however, learning effects from previous test exposures were reported [19] .
The main predictor variable of interest was depression, measured by a Center for Epidemiologic Studies -Depression Scale (CES-D) [20] . The CES-D is a self-reported inventory of depressive symptoms ('was depressed', 'everything was an effort', 'sleep was restless', 'was happy', 'felt lonely', 'enjoyed life', 'felt sad' and 'could not get going') that occurred in the week prior to the respondents' interview date. The HRS uses a version of 8 items of the full 20-item CES-D which were selected based on factor analyses [21] . The 8-item CES-D version reportedly has similar symptom dimensions as the original CES-D and high internal consistency and validity in the HRS [22, 23] . In this study, the baseline internal consistency reliability coefficient ( ␣ ) of the CES-D scale was 0.77. The dichotomously scored CES-D items ranged from 0 to 8, with 8 indicating the most depressive symptoms in this study. Most of the respondents in this community-dwelling sample reported few depressive symptoms overall (baseline mode = 0, mean = 1.62; see Wallace et al. [23] ). Additionally, demographic variables (non-time-varying) and time-varying self-reported risk factors for vascular disease or vascular disease were included as covariates. The demographic measures included: sex (male = 0, female = 1), race (white = 0, nonwhite = 1), education (0-17 or more years) and age in years. Age was centered at 65 years for ease of interpretation and to restrict problems with collinearity [24, 25] . Time-varying diabetes, hypertension, stroke and cardiovascular disease (CVD) were coded dichotomously as present or absent. Diabetes and hypertension were aggregated to indicate CVD risk; stroke and CVD were aggregated to indicate CVD. At baseline, the respondents were asked if a doctor had ever told them that they had these conditions (i.e., measure of prevalent conditions). In later survey waves, the respondents were asked if they had been told by a doctor (since the prior interview) that they had developed any of these conditions (i.e., measure of incident conditions). Reasonable concordance values between self-reports of disease and medical chart reviews have been reported.
Analytic Approach
Multilevel statistical modeling using Hierarchical Linear Modeling software version 6.02 (Scientific Software International, Lincolnwood, Ill., USA) was used to examine individual and aggregate levels of data over time [24] . Basically, multilevel modeling in Hierarchical Linear Modeling conceives of each individual as having their own regression equation. We present our hierarchical models as a series of nested models, 1 for each level of the hierarchy. At the first level, each individual respondent's trajectory of change in learning and memory was represented as a function of person-specific parameters (e.g., risk for CVD, CVD, CES-D) plus random error. The second level statistically modeled individual variations in growth parameters across a population of persons (e.g., sex, race, education and the number of previous word list exposures). The third level additionally adjusted our analyses for same household respondents, as cohabitating individuals in the same household may be more similar to one another than households with only 1 respondent. The multilevel assumption of normality was examined and revealed no violation of this assumption.
Two separate pairs of multilevel models were used to examine immediate and delayed word list scores. In both models, the count of depressive symptoms endorsed was the main predictor, with covariates for sex, race, education, word list exposure frequency and households with 1 1 respondent (see below). Table 1 presents the baseline characteristics of the sample. As shown in table 1 , the sample was largely white and female. Most respondents were between the ages of 60 and 69 years (mean = 66.9) at the 1998 baseline year and most respondents had 6 12 years of education. Table 2 displays the weighted means and standard deviations of the immediate and delayed word list scores by interview regardless of wave. As table 2 shows, the respondent's average immediate and delayed word list scores decreased from their first interview to their third interview and increased in their fourth interview. The immediate and delayed recall score increases in the fourth interview may have been associated with learning effects.
Results
Bivariate Results
The incidence of acute and chronic conditions increased with each survey wave (not shown). At baseline, about 20% of the respondents reported ever having risks for CVD, while 21% of the respondents reported ever having CVD. In 2004, the 6-year incidence of new self-reported cases of CVD risks was 1.5% and 8% for CVD.
Multivariate Results
Immediate Word List Results . Table 3 (model 1) shows the relationship between CES-D and immediate word list recall scores after adjustment for demographic variables.
In model 1, CES-D was negatively associated with immediate word list scores (-0.06; p ! 0.001). That is, with each depressive symptom, the respondents recalled 0.06 fewer words. Model 2 was additionally adjusted for baseline and time-varying CVD risk factors and CVD. The variables added to model 2 did not significantly affect the association between CES-D and immediate word list recall scores. That is, with each depressive symptom, the respondents continued to recall fewer words (-0.05; p ! 0.001). Risks for CVD (p ! 0.001) and CVD (p ! 0.001) were associated with fewer words recalled, and the average respondent with CVD recalled fewer words (-0.14; p ! 0.001) than the average respondent with CVD risks (-0.07; p ! 0.001). A hypothesis test was used to compare immediate models 1 and 2 by examining the significance of the change in -2 log likelihood 2 between the models, the results of which are shown at the bottom of table 3 . Though adjustments for CVD risk and CVD did not better explain the relationship between CES-D and immediate word list scores, the model-fit statistics show that these adjustments in the immediate model 2 did improve the model fit to the data, with a significant (p ! 0.001) change in the -2 log likelihood 2 (288.81; d.f. = 2). Delayed Word List Recall Results. Table 3 shows the relationship between CES-D and delayed word list recall scores after demographic adjustments. In model 1, Scores are calculated based on the respondent's interview regardless of the wave year. For example, interview 1 indicates the first interview the respondent had, which could be on or after wave year 1998. M = Mean; SD = standard deviation. The average respondent with CVD conditions recalled fewer words (-0.16; p ! 0.001) than the average respondent who was just at risk for CVD (-0.10; p ! 0.001). A hypothesis test was used to examine the significance of the change in -2 log likelihood 2 between the delayed word list recall models 1 and 2, the results of which are shown at the bottom of table 2 . Though CVD risk and CVD did not better explain the relationship between delayed word recall and CES-D, model-fit statistics show that these adjustments in the delayed model 2 did improve the model fit to the data, with a significant (p ! 0.001) change in the -2 log likelihood 2 (246.82; d.f. = 2). In sum, as CES-D increased, the number of words recalled in both the immediate and delayed word recall trials decreased. The relationship between CES-D and immediate and delayed word list recall was not better explained by demographics or baseline and time-varying adjustments for CVD risk factors and CVD.
Memory Decline and Depressive Symptoms in Older Adults
Conclusion
Over the course of 6 years, elevations in depressive symptoms were associated with lower verbal episodic learning and memory scores in this nationally representative sample of community-dwelling older adults. A major finding of this study was that by specifying a cognitive domain that is associated with chronic stress and the negative affects of depression in both nonhuman and human studies [11, 26] , we were able to demonstrate verbal episodic learning and memory decline over time. These findings suggest that depressive conditions that affect many older adults may be related to dysfunction of brain regions associated with verbal episodic learning and memory. This is particularly important since memory loss is the vanguard of dementia in most patients [2] . The findings presented here support the hypothesis that chronic stress and depression are associated with failing hippocampal function [10] . Clinically, these findings support the regular practice of depression screening of patients with memory complaints [14] .
Previous longitudinal studies of depression have not consistently found cognitive decline. Most of these studies have not specified the cognitive domains that would be expected to be negatively affected by depression, which may explain inconsistencies in the findings of earlier work. For example, several studies have relied on global cognitive function measures, such as the Mini Mental State exam, or neuropsychological batteries reduced to composite scores for identifying cognitive impairment or dementia [12] [13] [14] 27] . Findings from the longitudinal studies that provided verbal episodic learning and memory performance information are mixed, which may be related to attrition, the limited availability of follow-up waves of information and the methods used for longitudinal data analyses [14, 28] .
The results presented here are consistent with crosssectional findings of associations between depressive symptoms and lower verbal episodic learning and memory performance [3, 15] . In these cross-sectional and many of the longitudinal studies above, the neurotoxic effect of cortisol dysregulation on hippocampal function was considered as a possible explanation for the lower verbal episodic learning and memory performance and hippocampal atrophy on MRI for depressed participants [15, 16] . The verbal episodic learning and memory decline results presented here are supportive of the hypothesis that depressive symptom related allostatic load negatively affected hippocampal functioning in this sample.
A major strength of this study is that it used multilevel statistical analyses that considered within-and between-person estimates, and time-varying depression, medical conditions and other nonvarying covariates. Multilevel analyses account for autocorrelation problems associated with repeated measures analyses that may have affected analyses in previous reports. Few of the previous reports examining the association between depression and cognitive change have accounted for these important factors in their analytic approaches. The studies that have analyzed their data using similar approaches to this study have found associations between depressive symptoms and cognitive decline [13, 14] . To the best of our knowledge, the results presented here from HRS represent the largest study of the association between depression and cognitive decline. Because our results represent national estimates, they can be generalized to the entire population of noninstitutionalized, communitydwelling older adults in the USA.
The results of this study indicate that depressive symptoms are associated with verbal episodic learning and memory decline. The significant declines were not explained by other important medical comorbidities and demographic information. Indeed, risk factors for vascular disease and vascular diseases themselves were independently associated with verbal learning and memory decline. Although the focus of this report was not on the medical conditions used in this study, the results presented here are consistent with previous work indicating associations between vascular disease and cognitive change [29, 30] . Nevertheless, it remains possible that other unaccounted variables may explain the verbal episodic learning and memory decline associated with depressive symptoms found in this sample, and there are several limitations to consider when interpreting the results of this study. Although we were able to capture time-varying depressive symptoms over the 6-year period of this study, we were not able to determine the level of depressive symptoms respondents may have experienced outside of the time periods examined. Secondly, other attentional and motivational factors not examined in this study may have contributed to the negative association between depressive symptoms and episodic learning and memory that were reported herein. Additionally, the response rate over the study period was high (72.3%). Nevertheless, attrition remains an important concern. Over the 6-year period of this study, the response rate of HRS respondents with elevated depressive symptoms (i.e., CES-D 6 4) was lower (68.5%) than that of respondents with fewer symptoms. The bias introduced by selective, depression-related attrition was likely to have been small; however, any selective, depression-related attrition would likely have resulted in underestimates of the association between depressive symptoms and cognitive decline.
The relationship between depressive symptoms and verbal episodic learning and memory over the 6 years of this study was small, but the rate of decline is similar to that reported by Wilson et al. [14] . The following is an example of how the results of this study might translate at the individual level: a 70-year-old white woman with 12 years of education, diabetes and an endorsement of all 8 depressive symptoms would recall an estimated 4 words (4.06) on the delayed memory trial at baseline. With CES-D scores of 8 consistent across years, her estimated scores would drop to about half of a point (3.47 words) after 6 years and below 3 (2.87 words) after 12 years (about the 10th percentile). This example of depressive symptom related verbal episodic memory decline is small and the threshold points of concern from the individual or significant others are not certain. However, this example of memory loss approaches clinical significance and may pose functional problems for the individual and family. The average level of depressive symptoms in this community-dwelling population was small. In populations with higher levels of depressive symptoms (e.g., older Mexican Americans) or among patients with chronic clinical depression, the effect on episodic learning and memory may be higher [31] . For many older adults, de-pressive symptoms are accompanied with a vascular disease event, such as myocardial infarction, which would likely contribute to further memory loss and impairment. The association between depressive symptoms and cognitive decline supports the practice of depression screening for older Americans, particularly those with cognitive complaints.
